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RESULT" OF TESTS OF 0.010- AND 0.015-SCALE MODELS
OF SPACE SHUTTLF ORBITER CONFIGURATIONS 3 and 3A IN THE

AMES RESEARCH CENTER 3.5-FOOT HYPERSONIC WIND TUNNEL (0A23)

By
T. J. Dziubala and M. D. Milam, Rockwell International
J. W. Cleary and J. A. Mellenthin, NASA/Ames

ABSTRACT

Tests were conducted on a 0.010-scale model of the Configuration 3
and a 0.015-scale model of the Configuration 3A Space Shuttle Vehicle
orbiter in the Ames Research Center 3.5-Foot Hypersonic Wind Tunnel.

Longitudinal and lateral-directional stability and control cheracter-
istics were evaluated at Mach numbers of 5.3, 7.3 and 10.3 at angles of

attack up to 50 degrees with B = O degrees and, for a few cases, B = 5

degrees. Six-component force data, fuselage base pressures and shadow-

graph patterns were recorded.
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a2
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macs density: kg/m?, “lugs/<t

Reference & C.G. Definitions

Ab base aren; me, £t¢
b BREF wing span or reference spsn; m, ft
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R OREF wing uren or reference sres; m;, £t
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Xee XMRP moment reference point on X axis
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NOMMLCLATURE (Continued)
Body-Axis System

DEFINITION

normil-Uoree coefficient; ’Mg_fsr_%
q

axi-ol-rore ~ocfficient; i’i‘i];_s.ﬁfﬁ
9

‘ideeforce coelfizient; cide force

0

" . e f "
Lo «foree cocffrLeient: b_.e‘ii
g

(O]

-1,(Pp - po)/as

ferebody 4lsl force coefficient, Cp - CAb

pitching-moment coefficient; Ppitching moment
asl ey

yowing-moment coefficient; ngi_ns:;\wmem:
q

rolling-moment coefficient; rollingbmoment
q

Stobility-Axis System

lift coefficicnt; 1ift

1S
drayr coei't'iciont; dr—ag
qS8
base-dray coefficient; bese dreg

qS3

forebody dras coefficlernt: Gy - CDb

: . . ‘14 £
cide-force coufficient; _24E ioree

i
pitching-moment coerfficient; Llbchirg moment
astrer

yowing-moment co-fficient; Mg_g_m_ome_nt

qSb
rolling-momrnt coetticient; YOlling moment

qSb
lift-to-dry rutlo; Cp/Cp
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NOMENCLATURE {Continued)

ADDITIONS O STANDARD LIST

pitching moment coefficient about forward center
of gravity location.

pitching moment coefficient about aft center of

OMS pod base area, ft.2
sting cavity area, ft.2
unadjusted balance output axial-force coefficient.
base pressure coefficient at station i.

reference body length, inches.

longitudinal center of pressure location, fraction
incremental normal force coefficient, algebraic

difference of two runs.

incremental axial force coefficient, algeb.aic
difference of two runs.

incremental base axial force coefficient, algebraic
difference of two runs

incremental forebody axial force coefficient,
algebraic difference of two runs.

incremental 1ift coefficient, algebraic difference

incremental drag coefficient, algebraic difference

PLOT

SYMBOL SYMBOL DEFINITION
Cmfwd CLMFWD
Cmaft CLMAFT

gravity location.
ABM
Asc
CAu CA
Cpbi
2B
XCP/ 4B XCP/L

of body length
ACy DCN
AC A DCA
ACAB DCAB
ACAF DCAF
ACy, NCL

of two runs.
ACp DCD

of two runs.
ACDF DCDF

incremental forebody drag coefficient; slaebraic
difference of two runs.



NUMENCLATURE (Continued)

ADDITI1 .iS TD STA"'CARD LiIST

PLOT
SYMBOL SYMBOL DEFINITION

aCy, DCMFWD incremental pitching moment coefficiert about
FWD forward C.G., algebraic difference of two runs.

A7 i DCMAFT incremental pitching moment coefficient about
AFT aft C.G., algebraic difference of two runs.

Cy DCY/DB side force coefficient derivative with respect to
8 beta. Algebraic difference of the siae force coef-
ficient of two runs divided by the algebraic dif-
ference of t :e side slip angle of the runs; per
degree.
C,, . DCYNDB yawing moment coeificient derivative with respect
” to beta. Algebraic difference of “he yawing moment
coefficient of two runs divided by the algebraic
difference of the side slip angle of the runs;
body axis system; per degree.

Cy DCBLDB rolling moment coefficient derivative witb respect
B to beta. Algebraic “ifference of rolling moment
coefficient of two runs divided by algebraic dif-
ference of side slip angle of the runs; body axis
system; per degree.

CY5 DCY/DA side force coefficient derivative with respect to
a total aileron deflection. Algebraic difference of
the side force coefficients of two runs divided by
the algebraic difference of the total aileron
deflection angle of the ruus; per degree.

C“6 DCYNDA yawing moment coefficient derivative with respect
a to total aileron deflection. Algebraic difference
of the yawing moment coefficient of two runs divided
by the algebraic difference of the total aileron
deflection angle of the runs; body axis system; per
degree.

Cy DCBLDA rolling moment coefficient derivative with respect

a to total aileron deflection. Algebraic difference
of the rolling moment coefficient of two runs di-
vided by the algebraic difference of the total aile-
ron deflection angle of the runs; body axis system;
per degree.

10
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SYMBOL ~ SYMBOL
Cy, DCY/DR

r
DCYNDR
ng r
e DCBLDR
5
r

- BDFLAP
8y RUDDER
8sp SPDBRK

Sey,

Seq

8e ELEVON

NOMENCLATURE (Continued)

ADDITIONS TO S.UANDARD LIST

DEFINITION

side force coefficient derivative with respect to
rudder deflection. Algebraic difference of the side
force coefficient of two runs divided by the alge-
braic difference of the rudder deflection angle of
the runs; body axis system; per degree.

yawing moment coefficient derivative with respect
to rudder deflection. Algebraic difference of the
yawing moment coefficient of two runs divided by
the algebraic difference of the rudder deflection
angle of the runs; body axis system; per degree.

roiling moment coefficient derivative with respect
to rudder deflection. Algebraic difference of the

rolling moment coefficient of two runs divided by

the algebraic difference of the rudder deflection

angle of the runs; body axis system; per degree.

body flap deflection angle, positive deflection
trailing edge down; degrees.

rudder da=flection angle, positive deflection
trailing edge left; degrees.

split rudder deflection angle, left split rudder
trailing edge left and right rudder trailing edge

right, égg = (8. + arR)/z, positive deflection;
degrees. L

left elevon surface deflection angle, positive
deflection trailing edge down; degrees

right elevon surface deflection angle, positive
deflection trailing edge down, degrees.

surface deflection angle, positive deflection
trailing edge down, degrees (GeL + GeR)/Q.

11
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NOMENCLATURE (Concluded) i

ADDITIONS TO STANDARD LIST

aileron deflection angle, positive deflection
trailing edge down; degrees (5eL - éeR)/2.

incremental aileron deflection angle, algebraic
difference of two runs; degrees.

incremental elevon deflection angle, algebraic
difference of two runs; degrees.

PLOT

SYMBOL ~ SYMBOL  DEFINITION
8, AILRON

A DA

ASg DE

A8 gp DBF

incremental body flap deflection angle, algebraic
difference of two runs; degrees.
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INTRODUCTION

This document presents the results of tesisz ccriucted on 2,0iC-

and 0.015-scale models of the Space Shuttle Vehicle (SSV) orbiter re-

presenting Configurations 3 and 3A, respectively. Elevon and body flap

effectiveness were determined for both models; aileron, speed brake and

rudder eftectiveness as well as the contributions due to mocdel components

wvere also evaluated for the smaller model.

The tests were performed in the Ames Research Center (ARC) 3.5-F

iiypersonic Wind Tunnel (HWT) at M = 5.3, 7.3 and 10.3 as Ames tes® nurber

3.5-168. The smaller model (Model 32-0) was tested at angles of attack up

to 50 degrees whereas the larger model (Model 49-0) was limited to 4O degrees

due to tunnel blockage considerations. Most data were acquired at 8 = 0

degrees, with a few runs being made at 8 = 5 degrees.

Six-component force balance data, fuselage base pressure and shadow-

graph data were recorded for both models. Temperatures were measured on

the small model in the fuselage nose and con the underside of the bsalance

block in the vicinity of the wing-attachment bolts.

Twenty-{ive runs were made on the large model and thirty-seven runs

on the small model during the period July 19 to 31, 1973.

13
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CONFIGURATIONS INVESTIGATED

The test articles were 0.010- and 0.015-scale force molels o *he
Space Shuttle Vehicle (SSV) orbiter Configurstions 3 and 34, respectively.

The models were built by Rockwell International and identified as 32-0

(0.M0-ucale) and 49-0 (0.015-scale). The 0.015-scale model was cca -

structed of Armco 17-b stainless steel with the following removable com-

ponents:  wing, vertical tail, canopy orbital maneuvering subsystem-

reaction control subsystem (OMS-RCS) pods, and body flap. The fuselage

of the 0.010-scale model was constructed of TOTS T-6 aluminum and the

wing wa: constructed of stuinless steel. The 0.010-scale model had the

same removable components as the 0.015-scale model. The wing was capable

of elevon deflections of O, *5 degrees, 10 degrees, =15 degrees, 20
degrees, -25 degrees, -30 degrees, -35 degrees, and -L0 degrees. The

body flap could be set at deflections of O degree, +13.75 degrees, and

-14.25 degrees. Rudder and speedbrake deflections are shown below:

Speedbrake Settings Available Rudder Deflections

54,92° 6, = o°, -10°, -20°

SsB

8sp 8l.92° 6. = 0°, -10°

1k
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The following nomenclature has been used to designate model

components:
Component Definition
319 Basic fuselage of the SSV orbiter Configuration 3(VL70-000139B)
Boq Basic fuselage of the Rockwell International SSV orbiter
- Configuration 3A (VLT0-0001L47B)
C Basic Configuration 3A canopy built to drawing lines
T VL70-000139B
Em3 Elevons on the basic wlO? wing (VLT0-000139B)
FS Basic Configuration 3A body flap (VLTO-000139B)
Mh Basic Configuration 3A OMS-RCS pods (VL70-000145) including
N8 OMS engine nozzles
N Basic OMS nozzle of Configuration 2A (VLT0-008306 and
8 VL70-000089B)
0 B CE F N R VW
139B 19 7 23 5 Mh 85 T 107
0 B CE_ F F R VW
147B 22 7T 2375 g5 7 111
RS Basic Configuration 3A rudder (VL70-000139B)
v% Basic Configuration 3A vertical tail (VL70-000139B)
w107 Basic Configuration 3 wing (VL70-0O00139B)
will Basic configuration 3A wing (VLT0-000147B)

The Configuration 3 and 3A baseline is shown in Figure 2a and model
nomenclature is illustrated in Figure 2b. Two sets of dimensional data

sheets follow: the first is for the 0.010-scele model and the second is

for the 0.015-scale model.

15
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TEST FACILITY DESCRIPTION
The NASA-Ames J.5-Foot Hypersonic Wino Tunn<i is =2 closed-cirouliz,

blowdown-type tunnel c .pable of operating at nominal llach rumbers of 5, 7,

and 10 at pressure~ to 1800 psia and temperaturcs to LOOCR for run i

times
to four minutes. The major components of the facility include a ges storz:z=
system where the test gas 1s stored at 3000 psi, a storage heater filled
with aluminum-oxide pebbles capable of heating the tezt gas to 3hOO°R,

axisymmetric contoured noz:les with exit dismeterz of 42 inches for sener-

ating the desired Mach number, and a 900,000 £4.3 vacuum storage system

which operates to prescures of O.3 psia. The test section itself is an

open-jet type encloscd within a chamber approximately 12-feet in diameter
and 40-feet in length, arranged transversally to the flow direction.
A model support system is provided that can pitch models through an

angle-of-attack range of -70 to +18 degrees, in a vertical plane, about

a fixed point of rotation on the tunnel centerline. 'This rotation point

is adjustable from 1 to 5 feet from the nozzle exit plane. The model

normally ic out of the test stream (strut centerline 57-inches from tunnel

centerline) until the tunnel test conditions ure established after which :

it is inserted. Insertion time is adjustuble to ns little as 1/2 second

and models may be inserted at any strut angle.

A high-speed, analog-to-digital data acquisition system is used to

record test data on magnetic tape. The present oy :tem 15 equipped to mes-

i

sure and record the outputs from 80 transduc—r: in addition to £0 channcls

of tunnel parameters.

16
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TEST PROCEDURE

pore
A ]

The models were sting mounted from the smaller of the two available
model support struts in the ARC 3.5-Foot Hypersonic Wind Tunnel. The
same Task Corporation MK IID internal strain gauge balance used in tests
OA11B and OA58 was supplied by ARC to measure the six-component loads
acting on the 0.015-scale mcdel. A Task Corporation MK XIVA balance was
supplied by ARC for use with the 0.010-scale model. Thermally insulating
glass/silicon sleeves were used with both balances.

Rockwell sting W-1101-S, mounted 3.5 inches below tunnel centerline,
was used for bocth models. This sting is provided with interchangeable
. bent adaptors Just behind the balance socket which enable high angles of

attack and sideslip angles of 0° and 5° to be achieved. Adaptors with

% 20°, 30° and 40° bend angles were used in this test.
u Five one-sixteenth-inch ID stainless steel tubes were routed exter-

nally along the sting to sense pressures at the base of the models at

points shown in Figure 2c. The pressures were measured by individual
0-to5 psia cells located in the model support strut.

Runs were normally made by pitching the model from the maximum
positive angle of attack to the lowest angle in order to minimize tunnel
blockage at the higher vacuum sphere pressures near the end of a run.

Run 7 was made by pitching in the reverse direction and run 22 was made
by pitching up and then pitching down to determine if there was any aero=

dynamic hysteresis.

i"'\‘ 17




DATA FEDUCTION

Standard ARC methods were used to compute cnefficient dets, -2l

dynamic ccocfficients are presented in body axes and stability azes s:sters.,

Axial-force and drag coefficients und the ratio of lift to drag are rre-

sentced with and without adjustments of the fuselage base pressure to free

stream s*atic pressure,

Base vressure coelficients were compated by:

whers 1 =1 Lhrowh 5,

Base axial-force coefficients were computed by:

Note: Except for the following

5 conditions:
c, =-% M Lc
A, TS 2 Py RB60O1, M=5, CPBl & CPB2
S i RB6002, M=5, CPB2

RB6030, M=5, CPB2

RB6031, M=5, CPB2
where A = fuselage bas> ares, 2 31, M55

total base area of two OMS pods, ft2

o

2

g

sting cavity base area, ft

. \ 2
wing reference area, ft

)

Forebody axial-force coefficients were computed by:

5
]
o]
@
«Q
]

A unadjusted axial-force coefficient

18
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i DATA ROBUCTION ( Continued)
AN 4
Center-of-pressure location was computed in percent of bcois leng-i ty:
_ C ¢
Xepllp = |¥eo - 2o |[Ls
Cy
N
where XCG = center-of-gravity location aft of model nose, irncres
lB = reference body length, inches
Lift-to-drag ratios based on CA and CA were computed by:
u f
% Using C,, L/D = (CL/CD)
3
1 Using C, ,L/D, = (C /Cp)s
- f
n2ference Dimensions and Constaonts
Value
Symbol  Definition 0.015-Geale 0.010-Scale
% A Net fuselage base
3 area nommel to
balance axis:
3 2
\ M, on, F, on 0.0L5 £t 0.020 £t°
? M, on, Fg off 0.048 £t° 0.021 ft2
Do) 2
M, off, F_ on 0,047 £t° 0.021 ft
4 5 5 2
Mh off, F5 off 0.050 ft 0.022 ft
s AB Base area of two 0.019 ft2 0.608 fte
M OMS pods
X 2 2
ASC Sting cavity basc area 0.03L4 ft 7,015 fu
b Span, wing 14,050 in 9.367 in
. xCG *Ref C.G. 12.5T77 in 8.385 in
Zog Ref C.C. FRL(7=6.,00in) FRL (Z=4,00in)
C bal X Center, balance 16.63 in 10.670 in

*longitudinal distance, orbiter nose to moment reference center

. — e mnae s
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DATA REDUCTION (Concluded)

MAC, wing 7.122 in L7kt
Ref boedy length 19.35 in 12,003 ¢
2
Ref wing ares 0.605 ft 3,208
0
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TABLE I.
Y a. 0139B Model
' s———
% TEST ¢ o0a23  (3.5-168) IDATE ¢ Juiy, 1973
Y .
Y| TEST CONDITIONS
¢ REYNOLDS NUMSBER DYNAMIC PRESSURE  [STAGNATION TEMPERATURE]
MACH NUMBER \ .
& (per umt length) (pounds/sq. inch) (degrees Fahrenheit)
5.3 1.35 x 106 2.57 . Th0
7.3 2.50 x 106 3.68 ’ 740
10.3 1.74 x 10° 2,29 1540
%% 10.3 * 1.0 x 10° 1.27 1540
E BALANCE UTIL.ZED: Tagk MK XIVA 1.0-inch Dia.
FFI
b CAPACITY: ACCURACY: CT%EER&EC%T
4 Ne 800 1b. 1/2%
¢
1 s 400 1b, 1722 -
|
] AF 100 1b. 1/2% .
% 600 in.-1b 1/2%
§ pw 1000 in.=lb. —tcr
§ 250 in.-lb. 1/2%
COMMENTS: This balance was used with the 0.010-scale 0, 308 model.
q #* Run 64 only.

']

5
&
gu
3
&




TABLE I. - Concluded.
b. 0147B Model

TEST ¢ 0423 (3.5-168) DATE ¢ July, 1973
TEST CONDITIONS
. REVYNOL NS NUMBER DYNAMIC PRESSURE  |STAGNATION TEMPERATURE
MACH NUMBER (per umt length) (pounds/ 3. inch) (degrees Fahrenheit)
5.3 1.35 x 10° 2.57 740 )
7.3 2.50 x 106 3.68 740
12.3 1.74 x 100 2.29 1540

BALANCE UTILIZED: Task MK IID 1.5-in. Dia.

NF 1000 1b. 1/2%
SF 500 1b. - 1/2%
AF 300 1b. 1/2%
- 3000 in.-1b. 1/2%
RM 800 in.-1b. 1/2%
™ 1250 in.-1b, 1/2%

COMMENTS: This balance was used with the 0.015-scale 0 7o model.

N i
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JAcL. iiI. - YODEL COYPONENT DESCRTPTIONC
Dimensiwonal Dura {Hr the 3. 010-Scale Model

Model Component: Body (319)

General Descrintion: Configuration 3.2 lightweight orbiter fuselage

Model scale = 0.010 ~ Model Drawing No. §5-A00062

Drawing Number: VL70-000139B .

Dimensions: Full-Scale Modecl Scale
Length ~ in. 1290.3 12,903
Max wicth - in, (at X, = 267.6 2.676

1528.3 in.) —_—
Max depth ~ in, (at Xg = _244.5 2.445
. 1480.52 in.)
¥Fineacss ratio . 4.846 4,846
Arca ~ ft8
Max cress-sectional {(at 386.67 ___0.03867
o= 1480.52 in.) —
Flanforin e _
Wetted L
Base

*Fineness ratio is the fuselage length divided by the equivalent diameter
for the maximum cross-sectional area.

26
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TA3LL III. - Continued.

Modecl Component: _ 30dy (B 22)

-l

Generai Description: ' uSciage, configuration 3A lightweight orbiter

Note: Identical to B17 excent forcboay

Model scale = 0,015

Drawing Number: _ VL70-000139B

Dimensicns: _Full-Scale_ Model Scale
Length ~ in. 1290.3 _19.35450
Max width ~ in, _267.¢ 4,0140
Max depth ~ in, : _244.5 3.66750
Finencss ratio . _ 4.8460) 4,8460)
Area - ft2

Max crousc-sectional 386,67 0.08700
Planform . e —
Wetted

Base

e s——n e + s e

27




TABLE I1I. - Continued.

Model Component:  C3noPy (C7)

General Description: Configuration3A lightweight orbiter canopy

Model scale = 0.010 Model Drawing No. SS-A00062

Drawing Number: VL70-090:39B

Dimensions:
Length ~ in, SX°=433 in. to
Xo = 670 in.

Max width ~ in,

Max depth ~ in,

Fineness ratio

Arca ~ ft2
Max cross-scctional
Planform

Wetted

Base

Full-Scale
237

28

Model Scale
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TABLE III, - Continued.

MODEL COMPONENT:  Canopy - C7

14
b

GENERAL DESCRIPTION: Configuretion 3 per Rockwell Lines VL70-000139

Model Scale = -0}5

DIMENSION: ' ) . FULL SCALE

DRAWING NUMBER . YL70-000139

MODEL SCALE

Length (Xo = 433 to X, = 670) - in. FS 237
Max Width

3.5550

Mox Depth (2, = to Zg = 501) - in FS

Fineness Kaotio

Areo
Max Cross-Sectiona!
Plonform
Wetted

Base

29
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TABLE III. - Continued.

Model Component: Elevon (E23) J
General Cescription: _ Configuration 3alightweight orbiter elevons
Data for 1 of 2 sides
Model scale = 0.010 Model Drawing Wo. SS-A00109
Drawing Number: ___VI1.70-000139B

Dimensions:
Arca ~ ftz
Span (equivalent) ~ i,
Inbd cquivalent chord ~ in,
Outbd equivalent chord ~ in,

Ratio movable surface chord/
total surface chord

At inbd equiv chord
At outbd equiv chord
Sweepback angles ~ deg
Leading edge
Trailing edgc

Hinge linc

Area momernt (normal to hinge line) ~fi3

30

Full-Scale Model Scale
205.52 0.02055
353.34 3.5334
114.78 ~  1.1478

55.00 0.550
0.208 0.208
0.400 0. 400
0.00 0.00 *
~10.24 -10.24
___ 000 000
1548.07 0.00155

et A B w0
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TABLE III. - Continued

Mode! Component: Elevon (E33)

General Description: _Elevons for wing W) o7
(Data for ! of 2 sides)

Model scale = 0,015
Drawing Number: VL70-000139B

Dimensions: Full-Scale Mode) Scale
Area - £ 205. 52 0.04624
Span (equivalent) ~in, ~ 353,34 5.30010
Inbd cquivalent chord ~ in, - : 114,78 l..72170
Outbd equivalent chord ~ in, 55,00 0.8250

Ratio movable surface chord/
total surface chord

At inbd equi;r chord 0,208 0.20€

At outbd equiv chord . 0.400 0.400
Sweepback angles ~ deg

Leading cdge _____0.00 0.00

Trailing edge -10.24 = ~10.24

Hingc line ’ 0.00 0.00
Arca moment (aormal to hinge Jine) ~ £t 1548, 07 0.00522

. 31
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TABLE III., - Continued.

Moda2l Comiponaut: Body flap (Fg)

Guneral Description: Configuration 3Alightweight orbiter body flap

Model scale = 0.010 Model Drawing No. SS-A00062
Drawing Mumber: V1L70-000139B .
Dimensions: Full-Scale Modcl Scale
Length ~ iu, 84.70 0.8470
Max width - in, 267.6 ' 2.6760

Max depth ~ in,
Fineness ratio e

Arca ~ ftz

Max cross=-sectional

———————

Plarforin __}:42. 519% 0. 0142225 -
Wetted
Base L 38.0958 0.00380958

32
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TAﬁLE III. - Continued.
MODEL COMPONENT;  F5 Body Flap
GENERAL DESCRIPTION: 3 Configuntion. per Rockwell Lines VL70-000139
- Scale Model = ,015
DRAWING NUMBER VL70-000139
DIMENSION: ) FULL SCALE MODEL SCALE
Lengtt. - in 84.70 1.2705
Max Vidth - in 267.6 4.0140
Mc.. Depth
Finaness Ratio -
Area - Ft? .
Max Cross-Sectional _
Plonform ' 2.5 0.03207
Watted
Bose 38.0958 0.00857
.
' 33




TABLE III. - Continued.

Morlcl Component: OMS pod (M)

Go.oral Description: __Configuration 3A lightweight orbiter orbital

- ._Inaneuvering subsystem pod

Model scale = 0.010 Model Drawing No. $5-A00062

Drawing Number: _VL70-0001298 .

Dimensions: _Full-Scale Model Scale
Length -~ in, _346.0 3.460
Max width -~ in, 108.0 1.080
Max depth ~ in, 113.0 1.130

Fineness ratio
Area ~ ftz
Max cross-sectional
*lanform
Wetted

Base

D ——— e —

3
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TABLE III. - Continued,

? Model Component: OMS pod (My)

Gencral Description: Basic configuration 3A OMS pods

Note: My identical to M3 of configuration 2A except intersection to body

Maode) scale = 0.015

Dimensions:
Length ~ in,
Max width -~ in,
Max depth ~ in,

Fineness ratio

Avca ~ ft%

Max ¢ross-sectional
: Plauform

Wetted
g’, 3 Base
0
1
1

4 ey

LA
28
L

’

Drawing Number: V1L.70-0001329B

Full-Scale
34630
108.0

113,0

————— . re——ipr .
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Model Scale

__5.19¢c0

_ 1,620
1. 695
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TABLE III. - Continued.

“{ODEL COMPONENT:  NCOZZLXS - N8

GENERAL DESCRIPTIbN: Pasic OIS Nozzle of Configuration 2A per Rockwell Lines

V170-008306 and YL70-000089"3", terseccion of nozsle exit plane and

nozzle centerline at Xo = 1570.75, Yo = 499.25, Zo = 507.25

@EL SCLLE = 0.010 ' ci -

DRAWING NO. VL70—0083053_ , VL70-000039"3%, 55-A00092

DIMENSIONS __—~ FULL SCAIE
. Y¥ach Mo. . -
Length ~ in, . e
' Gimbal Point to Exit Plene ——————
. * Throat to Exit Plane S
Diaméter~in. .
Exit | T s0.00
Throat - - WA, .
Inlet . S 2800
Area ~1’t2./Nozzlo
Exit _ o | _13.635
Throat ' '
Gimbal Point (station)~in. o
X | | 580
Y .o . 1e8.0
o S 2o
Null Positiocn~deg, ) i )
Pitch | . 15°49°
.- vay (Outb'd) % #12°17!

MODEL SCALE

||

"N/A

0.280

0.00136

25080
0.880
3.220

15491

P
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MODEL COMPONENT:

NOZZLES ~ Ny

TABLE III. - Continued.

P

GENERAL DESCRIPTION:

VL70-008305 and VLT0-000089"B".

Basic OMS Nozzle of Configuration 2A per Rockwell Lines

Intersection of nozzle exit piane and

nozzle centeriine at X, = 1570.75, Y, = +69.25, Z, = 507.25
MODEL SCALE = 0.035
DRAVING NO. VL70-008306, VL7C-000089"B", SS-AJ0092
DIMENSIONS FULL SCALE MODEL SCALE
Mach No.
Length ~ in.
Gimbal Point to Exit Plane
Throat to Exit Plane _
Diameter . in.
Exit %0.00 0,750
Throat N/A N/A
Inlet 28.00 420
Area -~ ft ./Nozzle
Exit 13.635 0.00204
Turoat
Gimbal Point (station) ~ in.
X 1518.0 _22.77
Y +88.0 1.32
VA h92.9“:_ . 7.38
Null Position ~ deg.
Pitch 15949 15°49'
Yaw (Outb'd) *2%17" +12°17°

B -y



.
v, A

TA:LE 111, - Continued. '

Mo<dc! Cemponent: Kudder (Rs5) ‘I

Configuration 3 A lightweight orbiter rodder

Genera! Description:

Lodel scald = 0.010 Model Drawing No. §S-A00062
Drawing Number: V1.70-000139B '

VL70-000095
Dime«asions: _Full-Scale Model Scale
Area - 2% 106. 38 _0.710638
Span (equival.ut) ~in, 201.0 _z.olo
Iabd cquivajet chord - in, 91.585 0. 9158,_5__
Outhd cquivalent cherd - in, 50.833 0. 50833_

Reaiio movakle surface chiord/
total surface chord

AL iebd e b chovd _0.400 0.49_6__
At outbd «quiv chord 0.400 0.400
Sweepback anvles ~ deg
.eading edge 34.83 34.83
Trailing cdge __2h325 _26.25
Hirge line 34.83 34.83
Arca morment (normal to hinge line} ~ 2 526.13 0.00053

38
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TARLE IIl1. - Continued.

Model Component: _ Rudder (Rs)

General Description:

Rudder for vertical stabilizer V7

Model ¢cale = 0,015

Drawing Number; VL70-0C0095

Dimensions:
Arvea ~ t?
Span (equivalent) ~ in.
Inbd equivalent chord ~ in,
Outbd equivalent chord -~ in.

Ratio movable surface chord/
total surface chord

At inbd equiir chord

At outbd equiv chord
Sweepback angles ~ deg

Lceading edge

Trailing edge

Hinge line

~ Area moment (normal to hinge line) ~£t3

39

F'ull-Scale Model Scale
106,38 0,024
201.0 3.015

91. 585 1,374
50,833 0,762
0.4900 0,400
0.400 0.400
34.83 24,83
26,25 26.25
34,83 34,83
526,125 0,0018

4
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TAZLE ITI. - Continued.

ALl SC e e WRRTECT o Voo

e e e b e

GUVERAL DESCRIFTION: o cwddv e vnpd 5o 0 de e

- . -

A oahlas e TrfeiT

poccdel T Aty edee,
Vo Feee s WAL onh o aih monitsielor honming 1emoved.
e TRt o - — e
YValed Garla = O10
ORAWING NUM3ER: VI70-0"139
DIMENS O3S : FULL-SCALE NOPE SCALT

TOTAL DATA

N

Area (Theo) Ft
Plan¥crm
Span (Tneo) 1In

Aspect Hetio
Rate of lepar
Taper a0
Sweep hack Ancles, dogrees
Leacding Edce
Trailing Edge
0,25 Element Line
Chords:
Rcot (Theo) WP
Tip (Thzo0) WP
KAC
fus, Sta, of .25 MAC
W, P. of .25 MAC
B. L. of .25 MAC
Afrfoil Section
Lead?ng Wedoe Angie  Deg
Trailing Kedeo Argla Lag
Leading Ede2 Redivs
Void Arce - Pt
Blanketed Area

ko

~0:04259

3.1572
)
R

Q.20 T e
L5.,C7) L5 070
—— e ~— -
20_;‘.’.’1.(,‘ 29
Li.:%0 Wl 10

-2: 850
2 }.'_:'_ . _' 0841
100,05 1.9981
JLELTT Tawesse
6250, " 6. 35522
("-_(:.) (\_{\f]

- aee
l . 1
R XL TV P
AN [

~ PA Ew:"ﬂ m"-., ;
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TABLE T1I.

- Continued.

@ Model Component: V.ertical tail (Vﬂ«—iightwuight orbiter configurat:on
< - General Description: Basic configuration 3A centerline vertical tail,
double-wedge airfoil with rounded !cading edge
Model scale = 0,015
Drawing Number: VL70-000139, VL70-000095
Dimensions: Full-Scale Model Scale
Total Data
Planform area (theo) ~ ft2 425, 92 0.09583
Aspect ratio - 1,675 1,675 _
Ratc of taper 0. 507 0.507
Taper ratio —0.404 _0.404%
Sweepback angles ~ deg
Lcading edge 45,000 45. 000
Trailing edge 26, 249 25,249
0.25 clement line 41,130 41,130
Chords ~ in.
. Root (theo) WP 268,50 4,02750
: Tip (theo) WP 108,47 1. 62705
pO MAC 199,81 2.99715
Xus sta of 0,25 MAC 1463, 50 21.9525
WP of 0,25 MAC 635,522 9.53283_
BL of 0,25 MAC 0.0 _0.00
Airfoil section
Leading We4dge angle ~ deg 10.000 10.000 -
Trailing v-edge angle ~ deg 14. 920 14,920 _
Leading edge radius -~ in, 200 0.0300
Void arca ~ ft? 13.17 0.00296
Blanketced arca ~ ft2 o

k1
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TASLE 111, - Contin:

MODEL COMPONENT: _ WING-W 1~

GENERA. DESCRIPTIMN:  Jenfi-uraticn 3 jer U Pwell Lines VL70-0x 0 39y

NUTE. Same a&s Y103, ecvcers cuff, airfoil snd inclden:e encle.

Modi:' Sciule = ,010

TEST NO. DWG. NO. V1.70-00013%n
DIMENSIONS ¢ FULL-SCALE MODEL SCALE
TOTAl. DATA ) >
rea (lheo, Ft
Planforn . 2690.00 0,2690
Span (Theo In, 936,68 9. 3¢
Aspect Ratio 2:265
Rate of Taper 1,177 1.177
Taper Ratio 0,200 Q. 200
Dihedral /Angle, degrees (@ TE of Zlevon) 3, 500 3, 500
Incidence Angle, degrees Q. 500 Q.500
Aerodynamic Twist, degrees 43,000 +1,000
Swaep Back Angles, degrees .
Leading Edge 45,000 45,000
Trailing Edge o102 -10,2:
& rg.ZS Element Line 35,209 . 35,209
ords:
Root iTheo) B.P.0.0. 689,24 892¢
E‘p. Theo) B.P, 137.85 .3785
c 474,81 424
Fus., Sta, of .25 MAC 1136.89 TPEY
W.P. of .25 MAC 299,20 2.9920
B.L., of .25 MAC . 182,13 1. 8213
EXPOSED DATA
Area (Theo) th 1752.29 0. 17523
Span, ("l;:e?) In, BP108 .68 7.206
Aspect Ratio 2. 2.
mg Ratio G.ﬁﬂ . 25,01
s
Root BP108 562.40 5. 6240
MAC 393.03 _3:9303
Fus, Sta. of .25 MAC "j%ﬁ: .
B.L. of .25 MAC —281.76 2.5
Airfoil Section (R?(ciheg}l Mod NASA)
Root b = _ 0.10 0.10
Tipb = 0.12 0.12
Zz

Data for (1) of (2) Sides
Leading Edge Cuff 2
Planform Area Ft

Leading Edge Intersects Fus M, L. & Sta
Leading Edge Intarsects Wing @ Sta

H

0.0
.00
10, 635
k2

! . : DSM 387-6 Exp. Date 8/2/73

il
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Modct Component:

TABLE III.

- Concluded.

Wing (W) ;)—new lightweight orbiter

Geoeneral Description:

Basic configuration 3A wing

Note: Same as W]103 except cuff, airfoil, and angle of incidence.

Modei scale = 0.013

Test NO.

uUimensions:

Total Data

Planform areca (theo) ~ fte

Span (theo) ~ in,

Aspcct ratio

" Ratc of taper

Taper ratio

Dihcdral angle, ~ deg
Incidence angle, ~ deg
Acrodynamic twist, ~ deg

Swecepback angles,
Leading edge
Trailing cdge

~ deg

0. 25 clement linzo

Chords - in,

Roont (theo) at B2 0,0
Tip (thco) at B} 46,2

MAC

Fus sta of 0,25 MAC
WP of 0,25 MAT
Bl of 9.25 MAC

Exposcd Data
Arca (theo) - ft?

Span (theo) ~ in, (BP 108, 0 tu 468,34))

Aspcect rulio
Tapcer ratio
Chards - ia.

Root al B 108, 0
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